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Abstract 
Many new guidelines and procedures have been recommended in 
the fitting of rigid, gas-permeable contact lenses (RGPCL) to assure 
both comfort and corneal integrity. One of these, Humphrey's Autofit 
program, was determined to produce a contact lens design that fit 
parallel to the cornea. A RGPCL fit with apical clearance was found 
not to affect corneal integrity, yet to ensure comfort, the 
appropriate peripheral curve design was essential. This design was 
found not to be proportional to corneal shape. 
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INTRODUCTION 
The benefits of rigid, gas-permeable contact lenses (RGPCL) over 
PMMAs have been well documented and are widely known. Since 
their introduction, the question of how to fit RGPCL has been 
debated. Is the tear pump as an important part to fitting gas-
permeable contact lenses as it is when fitting PMMA contact lenses? 
How flat should the peripheral curve be to insure comfort and 
corneal integrity? 
Many optometrists recommend using the same guidelines and 
procedures used in fitting PMMA lenses, namely a parallel fit. 
Mandell also suggests a larger lens to aid in its centration and to 
decrease flare.1 Harrison and Stein have developed a nomogram 
specifically for gas-permeable contact lenses similar to the one 
Dyer derived for PMMA lenses. They also recommend a parallel fit 
and a large lens.2 Others have suggested a steeper lens design which 
provides an apical clearance fit. Apical clearance lens designs have 
not caused the corneal changes that had been predicted and have been 
found to be more comfortable for the new patient.3 
The design of the contact lens periphery has also been debated 
when discussing the new RGPCLs. Harrison and Stein's nomogram 
suggests a peripheral curve radius of approximately 4.00mm flatter 
than the base curve radius.2 Mandell suggests a steeper peripheral 
curve when fitting RGPCLs. This will improve lens comfort by 
keeping the lens periphery close to the cornea and away from the 
lids.1 Does the corneal shape play a role in how the periphery should 
be designed? Bibby has shown that the change in edge clearance 
between the extremes of corneal shape factors is typically 0.02mm, 
which is only mildly significant.S Yet, in order to maintain a 
constant edge clearance the peripheral curve radius must increase or 
flatten with an increase in shape factor.s 
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Methods 
The subject population included 14 randomly selected students from 
Pacific University and Pacific University College of Optometry. 
Their ages ranged from 18 to 31. All patients had refractive errors 
between 1 diopter of hyperopia and 5 diopter of myopia with less 
than 2 diopters of corneal or refractive astigmatism. Five of the 
patients were previous contact lens wearers, whereas the other nine 
had no prior contact lens experience. No patients had ocular 
pathologies, and none were on medication. 
Prior to contact lens fitting and ordering, each patient had a 
thorough refraction as well as pachometry, Humphrey's Auto-
refraction, and Humphrey's autokeretometry for baseline 
information. The autokeratometer provided corneal information 
which was previously difficult or impossible to obtain with 
instrumentation currently available in the clinical environment. In 
addition to central K values, it measures Ks at two other peripheral 
locations (temporal and nasal) along the horizontal meridian of the 
cornea. Alloucherie, Callender, and Mousa found the Humphrey 
autokeratometer to give consistent, reliable, and accurate results 
when compared to the conventional B&L keratometer.s 
From these three measurements, the autokeratometer calculates 
the radius of curvature at the corneal apex, the location of the apex, 
and it calculates a corneal shape factor (Figure 1 ). The shape factor 
indicates the rate of flattening from the apex in the horizontal 
meridian and is related to the corneal eccentricity. The average 
shape factor is about +0.16 and normally ranges from -0.10 to +0.50. 
A cornea with a zero shape factor has zero flattening out from the 
apex. The cornea is spherical ill the horizontal meridian. Corneas 
with a large shape factor flatten quickly and are more elliptical. A 
negative shape factor indicate a cornea is steeper at the periphery 
than at the apex. About 2-3o/o of the population have a negative shape 
factor.s (Figure 2) 
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The Humphrey Auto Keratometer Printout 
AUTOKERATOMETER 
SEQ NO. 07 
RIGHT EYE 
CENTRAL K 
(along Vi3Ual axi3) -+~CENTRAL K 
DK mm AXIS 
40.00 8.43 
40.50 8.33 
APICAL K 6K -.50DK X 04 
(at the corneal apex) -+---tAP I CAL K 
DK mm AXIS 
40. 12 8.40 149 
SHAPE FACTOR 40.62 8.31 59 
6K 
SHAPE 
APEX POSITION ( mm) -t--oot APEX 
VAULT HEIGHT -+--+HEIGHT 
CONFORMANCE FACTOR CONF · 
+.26 
1. 15 IN 
.45 DN~ 
.30TOL 
1.43mm 
7618 
Clo3e3t to the Horizontal Meridian 
Clo3e3t to the Vertical Meridian 
Power difference along Vi3ual Axi3 
Power di ffe renee at Apex 
Horizontal di3placement of Apex( mm) 
Vertical di3placement of Apex( mm) 
Tolerance on Po3ition Mea3urement( mm) 
Di3tance from Apex to Extended Sclera 
Figure 1 - Sample printout of the Humphrey Auto Keratometer. 
Along with their autokeratometer, Humphrey provides a 
nomogram called Autofit. Autofit is a algorithm which utilizes the 
corneal contour data obtained from the autokeratometer to 
recommend a lens of first choice. The program is designed to 
provide the optic zone radius (base curve) and optic zone diameter of 
the lens which will yield a tear layer thickness of .008mm on the 
eye. The apical K and shape factor are the key corneal parameters 
needed to specify the lens which meets these criteria; There is no 
recommendation or indication of how the periphery of the contact 
lens should be designed.? 
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VISUAL 
AXIS 
SF< 0.0 
OBLATE 
ELLIPSE 
SF= 0.0 
CIRCLE 
0.0 <SF> 1.0 
PROLATE 
ELLIPSE 
Geometric family of "conic sections" is used to model the corneal profile. 
Shape factor (SF) quantitatively describes the peripheral flattening. 
One eye of each subject was randomly chosen and fit according to 
Autofit's specification. The other eye was diagnostically fit using 
an apical clearance approach. Each lens was ordered with a 
peripheral curve radius that equaled 1.00mm flatter than base curve 
and .30mm wide, and an intermediate curve radius of .50mm flatter 
than base curve and .20mm wide. Ten of the fourteen eyes were fit 
with contacts with over-all diameters of 8.0mm and the others had 
8.8mm diameters. All the lenses in the study were of the same 
brand and supplied by one company. 
In order to fit a contact lens with apical clearance, the apical 
proximity of the lens must be determined while on the eye. Using 
fluorescein and the blu-e filter on the biomicroscope,- the apical 
proximity can be easily determined. This is accomplished by using a 
very narrow and bright slit beam, which is directed perpendicular to 
and at the geometric center of the rigid contact lens (Figure 3). The 
microscope system is rotated no less than 45 degrees temporal from 
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the mid-line and medium powered (15-20X) magnification is used. 
With the room illumination off, focus on the center of the contact 
lens. Two, thin green lines, separated by a thin black line, will come 
into view. The green line closer to the cornea is the tear layer or 
lacrimal line (LL). The black line is the contact lens and the other 
green line is the layer of tears on the contact lens or reference line 
(RL). Given that the RL has a value of 1, compare the thickness of 
the LL to the thickness of the RL. This provides a RLILL ratio. A 
ratio of 1/1, where the lacrimal line is the same thickness as the 
reference line, indicates a parallel fit and an apical clearance fit 
will have a RLILL that is greater than 1 /1.2. 
At the dispensing visit, an initial RL/LL ratio was measured as 
well as an overall assessment of the contact lens fit. Each subject 
was provided the same instructions on how to take care of the 
contacts and were asked to return in a week. On each follow-up 
visft, the patient's · maxlmurn wearing tfme was recorded, the apical 
proximity was determined, an over refraction was performed using 
the Humphrey Autorefractor, and the general fit of the lenses were 
assessed using a slit-lamp. Also measured were post-Ks, a post-
refraction, and pachometry. Modifications of the contact lenses, 
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such as flattening the peripheral curve and blending, were performed 
when indicated both subjectively and objectively. Each patient had 
approximately four follow-up visits over a three month period. 
Results and Discussion 
It was found that the optic zone radius determined by Humphrey's 
Autofit program produced corneal alignment in eleven out of 
fourteen eyes. This is in agreement with the original hypothesis. As 
was expected, all of the diagnostically fit eyes had an apical 
clearance fit at the time of dispensing (Table 1 ). 
l'A!EliE ~ 
Techn1 que 
Diagnostic Autofit 
Parallel 09iS 78.579iS 
Flt 
Clearance 1 009iS 21.439iS 
The hypothesis regarding the resultant peripheral curve radius 
(PCR) being a function of corneal shape, in any given assessment of 
corneal curvature was supported clinically, i.e. 17 out of 28 eyes 
required flatter radii. Given that the average shape factor is +.212, 
values greater than this were noted in 9 out of 28 eyes, all of which 
required a peripheral curve flattening of the original experimental 
contact lens design. Two millimeters flatter than the base curve 
was the first increment of change. Two eyes of this group required 
additional peripheral curve flattening with the resultant radius 
being 2.50mm flatter than the base curve. In these two eyes ths 
shape factors were +.29 and +.26 respectively. 
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However, the need to flatten the PCR occurred in limited 
situations where the shape was less than the average. Here the 
increment of change was accomplished by a single change in PCR, 
that is an additional 1.00mm flatter than the initial contact lens 
design. In this situation 8 eyes required this change in PCR making a 
total of 15 lens requiring a flattening of the PCR. 
While the original hypothesis is not supported in the significance 
statement from statistical analysis point of view, clinical data 
provides information re: extenuating circumstances which seem to 
suggest factors that merit some expression. Three of the subjects 
(6 eyes) were previous long term PMMA wearers. The literature 
suggests a loss of corneal sensitivity is common place in this 
situation. 
Another important piece of clinical information centers around a 
group who were unable to achieve a wearing time in excess of six 
hours. Flattening the peripheral curve radius immediately permitted 
an extension of wearing time. If in fact the choice of contact lens 
Dk was appropriate (28. 7) to provide an ample sufficiency of oxygen 
to the cornea, does the inability to surpass six hours have to do with 
fitting factors in contact lens wear, other than adequate oxygen 
needs? 
Granted that the initial peripheral curve specifications were of a 
choice which would be considered steeper than commonly 
prescribed, the attempt here was to identify the extent to which an 
"adequate oxygen supply" would offset physical design 
characteristics. In summary, where comfort was the index for 
change there was no correlation between the wearable peripheral 
curve radius and the corneal shape factor as determined by the 
Humphrey's Auto Keratometer. 
If changes in corneal thickness, post-refraction and post-
keratometric findings were used to establish a preference for base 
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curve choice which would result in either apical clearance or 
alignment fit no significance could be attributed to the way apical 
proximity affected any of the aforementioned variables. 
Of clinical significance is the fact that while subjective 
symptoms indicated the need for flattening of the peripheral curve 
in sixteen instances, nine of these at the time of the modification 
had a change in corneal thickness which was less than the baseline 
data. On the other hand seven of the sixteen showed increases in 
corneal thickness ranging from .002 to .035 mm. 
At the conclusion of the study nine of the corneas fitted with 
apical clearance lenses had a thinning compared to their baseline 
data. On the other hand six of the apical clearance corneas thickened 
with range of change between .002 to .072 mm. 
Summary 
1. The optic zone radius and optic zone diameter determined by 
Humphrey's Autofit program produces a corneal aligment fit. 
2. No significance can be attributed to the way apical proximity 
affected changes in corneal thickness, post-refraction and/or 
post-keratometric findings. 
3. Findings would suggest that adequate Dk is not the only factor 
involved in a comfortable contact lens fit. The appropriate 
peripheral parameters are essential. 
4. Peripheral parameters of a rigid gas permeable contact lens 
were found not to be directly proportional to the corneal shape 
factor. 
A more precise study on the effects of PCR to lens wearability is 
needed. This could be accomplished by starting with a steep PCR 
with apical clearance, as was done in this study. Flattening of the 
PCR should be made in small single increments when subjective 
symptoms are present. This would allow for straight forward 
statistical analysis of the data. 
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APPENDIX RESEARCH DATA 
Values at Data recorded at time 
Disoensing of modification 
Fitting Apical Shape Maximum PCR less ~ Corneal ~ Post 
Subjects Technique Proximity Factor Wearing OZR Thickness ~ Kf ~ Shape Refraction 
(RL/LL) (e2) Time (hrs) (mm) (central) (auto) Factor (auto_l _{D_l 
BWD diaqnostic 1/1.3 +.24 10 2 -.008 -0.62 -.15 0.62 
BWS autofit 1/1 +.17 10 2 -.027 -0.12 .01 0.25 
CJD autofit 1/1.3 +.17 12 1 .042 0 -.1 0 -0.87 
CJS diaqnostic 1/1 .2 +.1 0 0.25 2 .000 0.5 .18 -0.25 
CMD autofit 1/1 +.21 12 2 .005 -0.5 -.14 0.62 
CMS diaqnostic 1/1 .3 +.13 12 2.1 -.047 0 -.1 0 0.5 
DBD autofit 1/1 +.28 4 2 .025 0.37 -.06 -0.62 
DBS diagnostic 1/1 .2 +.35 4 2 -.010 0.62 .01 -0.25 
DWD diaqnostic 1/1 .3 +.22 1 2 -.027 0.25 .24 -0.37 
DWS autofit 1/1 . 1 +.26 1 2 -.025 0.37 .13 0 
GAD diagnostic 1/1 .2 +.17 16 1 -.031 -0.25 .00 1.12 
GAS autofit 1/1 +.11 16 1 -.017 -0.37 -.02 0.87 
GBD auto fit 1/1 +.06 15 1 .006 -0.37 -.15 -0.37 
GBS diagnostic 1/1 .3 +.20 15 1 -.017 -0.25 .02 0 
IRD autofit 1/1 +.1 0 6 2 .014 0.25 .07 0.37 
IRS diagnostic 1/1 .2 +.09 6 2 .011 0.25 .02 0.37 
JDD diagnostic 1/1 .2 +.29 .25 -> 6.5 2 -> 2.5 -.025 0.12 .02 -0.62 
JDS autofit 1/1 +.26 .25 -> 6.5 2 -> 2.5 .020 0.12 .14 -0.5 I 
KCD diagnostic 1/1 .2 +.20 1 2 .035 0.25 .09 -0.87 
KCS autofit 1/1 +.21 1 2 .014 -0.25 -.07 -0.75 i 
RBD autofit 1/1 +.18 14 1 .009 -0.25 -.1 0 -0.62 
RBS diagnostic 1/1 .2 +.18 14 1 .020 0.25 .03 -0.25 
THD diaqnostic 1/1 .2 +.12 16 1 .011 0.5 .1 0 0.5 I 
THS autofit 1/1 +.18 16 1 -.048 0 -.04 0.25 
TJD diagnostic 1/1 .3 +.20 8 2.1 -.072 0.25 -.08 -1 I 
TJS aut of it 1/1 +.13 8 1 -.028 0.12 . 11 0.37 
WSD diaqnostic 1/1 .2 +.30 7 2 -.059 0.25 -.07 0 
wss autofit 1/1 .3 +.28 12 
-----
1 -.018 0 -.07 -0 .. 5 
APPENDIX RESEARCH DATA 
Values at Data recored at 
Dispensing last visit 
Fitting Apical Shape Maximum L\ Corneal L\ Post 
Subjects Technique Proximity Factor Wearing Thickness Li Kf Li Shape Refraction 
(RL/LL) (e2) Time (hrs) (central) (auto) Factor (auto) 
BWD dia!=lnostic 1/1 .3 +.24 10 -.008 -0.62 -.15 0.62 
BWS autofit 1/1 +.17 10 -.027 -0.12 .01 0.25 
CJD autofit 1/1.3 +.17 12 .007 0.25 .00 -0.37 
CJS diaqnostic 1/1 .2 +.10 12 .002 0.50 .13 -0.25 
CMD autofit 1/1 +.21 16 -.006 -0.37 -.15 0 
CMS diagnostic 1/1.3 +.13 16 -.014 -0.12 -.13 0.25 
DBD autofit 1/1 +.28 16 .012 0.12 -.01 0 
DBS diagnostic 1/1.2 +.35 16 .040 0.00 -.10 -0.37 
. 
DVVD diagnostic 1/1 .3 +.22 8 -.027 0.50 .24 -0.75 ' 
DWS autofit 1/1 . 1 +.26 8 -.027 0.12 .12 0 
GAD diagnostic 1/1 .2 +.17 16 -.020 0.25 .07 -0.37 
GAS autofit 1/1 +.11 16 -.020 -0.12 .11 -0.5 I 
GBD autofit 1/1 +.06 16 .007 0.00 -.04 -0.37 I 
GBS diagnostic 1/1 .3 +.20 16 -.042 0.00 -.02 -0.25 
IRD autofit 1/1 +.10 6 .029 -0.37 -.01 0.12 
IRS diagnostic 1/1 .2 +.09 6 .001 -0.37 .08 0.5 
JDD diagnostic 1/1 .2 +.29 16 -.045 -0.25 -.10 -0.5 
JDS autofit 1/1 +.26 16 .008 -0.37 -.14 -0.12 
KCD diagnostic 1/1 .2 +.20 7 .072 0.62 .11 -0.75 
KCS autofit 1/1 +.21 7 .053 -0.25 -.07 -0.87 
RBD autofit 1/1 +.18 20 .009 -0.25 -.1 0 0.62 
RBS diagnostic 1/1 .2 +.18 20 .020 0.37 .04 0.25 
THD diaqnostic 1/1 .2 +.12 19 .011 0.50 .1 0 -0.5 
THS autofit 1/1 +.18 19 -.048 0.00 -.04 -0.25 
TJD diagnostic 1/1 .3 +.20 15 -.034 0.00 -.02 -0.12 
TJS autofit 1/1 +.13 15 .027 0.37 .08 0.25 
WSD diagnostic 1/1 .2 +.30 14 -.024 0.00 -.23 -0.37 
wss autofit 1/1 .3 +.28 14 -.035 -0.25 -.20 -0.37 
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